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The iconic red and black figure vessels, produced in Athens from the 6th through the 4th centuries B.C., represent the pinnacle of ancient ceramic craftsmanship. The ancient Greeks painted the ceramics with refined Fe-rich clay that, when fired, created deep black decorative glossy surfaces. The refinement process likely involved isolation of very fine grain clays through levigation; dispersing the clay into large vats of water, allowing the coarse grains to settle to the bottom, leaving fine grains suspended in solution for subsequent collection. The established model [1] describes the firing process as a single firing in which the kiln environment was subjected to a three stage cycle of oxidation-reduction-oxidation. When fired at high temperature under reducing conditions the slips sintered and turned from red (hematite, Fe 2 O 3 ) to black (magnetite, Fe 3 O 4 , hercynite FeAl 2 O 4 ). During the last step, oxygen was unable to diffuse into the more vitrified slips, keeping them black, whereas the iron minerals in the porous body ceramic were reoxidized to Fe 2 O 3 , producing a contrasting red color. As previously reported [2] the production of this pottery was likely more complex than formerly thought, with vessels subjected to two, or possibly more, firings in the kiln, with applications of slip between each firing. X-ray fluorescence (XRF) elemental mapping of a number of ancient shards from the collection of the J. Paul Getty Museum revealed elevated levels of Zn in the gloss, often with different components on a single vessel containing different amounts of Zn. The measured levels were inconsistent with the natural occurrence of this element in soil, suggesting it may have been introduced during the levigation process. XRF analysis of a cross section sample consisting of a black gloss relief line painted over background gloss (both painted over the red reserve) was conducted to determine the composition of the two different gloss applications throughout their entire thickness (see Figure 1, upper) . The presence of two chemically different superimposed layers of black gloss is evident: the top layer contains significantly higher Zn than the lower layer. X-ray absorption near edge spectroscopy (XANES) of the Fe K-edge for the two layers showed that the upper layer, higher in Zn, is composed primarily of hercynite, while the lower layer is more magnetite-like (see Figure 1, lower) . A focused ion beam (FIB) lift-out cross-section extending slightly into the underlying ceramic shard body allowed a TEM morphological analysis of both gloss layers to be conducted (see Figure 2) . The porosity was observed to decrease from bottom to top, with a much denser and vitrified texture corresponding to the high-Zn hercynite-like layer at the surface. The presence of two layers with different morphology, different mineralogy and different chemical composition is presented as evidence of a complex firing sequence following the application of each decorative motif. 
